
M 1197443 



UNITED STATES DEPARTMENT OF COMMERCE 
United States FUtent and Trademark Office 



March 02» 2004 

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM 
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK 
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT 
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A 
FILING DATE UNDER 35 USC 111. 

APPLICATION NUMBER: 60/450,830 
FILING DATE: February 28, 2003 y 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 




By Authority of the 
'"^^^ ^ COMMISSIONER OF PATENTS AND TRADEMARKS 



•V'-4i ,. \. 



P.R. GRANT 
C^rtif ytaig Officer 



^ 0«to«»Pop««art.ltoduellonAdol19»S,nop««m.wW5dlorM 

5 PROVISIONAL APPUCATION FOR PATENT COVER SHEET 

^ TK.. . ,>«n».t torimna a PROV MIOMAL APPLICATIOW FOR PATPMT undmr 37 CFR 1.83(c) 

1*0) 




3 



EV 1538209 29 US 

HIVENTOR(8) 



I 



Given Name (Brat and middle PfanyP 



FamPy Name or Surname 
Qteiner. Jr. 



Residence : 
(Ctty and either State or Foretan CountrV> 



Uoyd 
Raman 

SoeVpnoChlp 
Suzanne 



dark 
Hemandez-Mavtl 
Soetandio 



Ausun, Texas 
Cedar Park. Texas 
Austin. Texas 
Austin. Texas 
Austin. Texas 



□ AdWma/frwwrtorsflrofte/iignamedonme aepaniely numbered she ets attached tmmto 

TITUS OF THE IMVENTIOM (500 charactere max) 

WIRELINE TELEMETRY DATA RATE PREDICTION 



,) I Direct a9 correspondence to: 
[x] Customer Numk>er 
OR 



26751 



CORRESPONDENCE ADDRESS 

1 — f 



Type <ki^omerNumt>erlwiB 



Place Customer Aft/mber 
Bsr Code Latisl here 



□ 



Flmior 

tndMdual Name 



Address 



Address 



Cfty 



T 



T 



JCoimtr^ 



ZIP 



Fax 



ENCLOSED APPUCATION PARTS feftecif all Iftar awpW 



nri Specincatlon NumbardfPegas I 16 1 

El DnnMng(8) Number of Sheets I 4 1 

I I AppBcatton Data Sheet See 37 CFR 1.76 



I I C0(8),Numt)er 
[~| Other(8pec!iy) 



METHOD OF PAYMENT OF FlUNQ FEES FOR THIS PROVISIONAL APPUCATION FOR PATENT 



n Applicant dalms small entity status. See 37 CFR 127. 
[Xl A theck or money order Is enclosed to cover the filing fees 

0The Commissioner Is herein authorized to charge filing r 
f^es or credit any overpayment to Deposit Account Numlsen L 



FlUNGFEE 
AMOUNT ($) 



f^es or credit any overpayment to Deposit Account Numl)en 
□ Payment by credit card. Fomt PTOaoSB is attached. 



50-0335 



$160.00 



The Invention was made t>y an agency of the United States Government or under a contract with an agency of the 
United States Government 
S] Na 

□ Ye»,thonameoftheU.e.6ov«minBnta8tfncyafidtho6ovamineirtooirtracln^^ = • 




TYPED or PRINTED NAME Joseph P, Lall 

mEPHONE 512.428.9870 



USE ONLY FOR FILING A PROVISIONAL APPUCATION FOR PATENT 



This coltecaon of Information Is required by 37 CFR 1.51. The Inforirortton te used »y thejubllc t^^^^ (f^^.M^n'^Ttate ah^^^^to 
brwlSorafappncatton. ConBdenSfity Is gwemed by 35 U.S.C. 122 and 37 CFR l-^^Tte coltedfan «^t^ted to tete 8 tours^ 

Commissioner for Patents. Washington, O.C. 20231. 



PTO/88/17 (01-03) 
Appravad for um thrauqh 04/300003. OMB 0651;0^ 

.^teiiirilacltonirfiiifaimiiao^ 



FEE TRANSMITTAL 


WW 

AopUcatton Number 


NewApp 


for FY 2003 

eMv» Oltomoos. PBtont §999 am to mnu^ mUhn. 




02/28/2003 




Stelner 


Examiner Name 


Unknown 


□ AppUcant dabns small entKy stetua. Sea 37 CFR 1 .27 


Art Unit 


Unknown 


L TOTAL AMOUNT OF PAYMENT 1 ($) '^Q^ QQ 




59.0053 y 



(✓) Dtpottt Account: 



I 3. ADDITIONAL FEES 



D«potU 
Account 
Number 
OcpotU 



50-0335 
Dewan&LaMy, L.L.P. 



|Smi^F"«*^l«"*"g»*'^ 

Code ($> ICodc H) 

1051 130 12051 65 SurCTiarge-tatftfrangfBeoroalh 

1052 50 I2052 



» CmmlMtoner le suthoriMd toz/Btoefc aUlhat apply) 
JcharB»fMo)lndlcatfld below 0 Qedllonyovorpaynwito 
1 Charoc ony addltfontfl lte(s) during the pendency d IMe applh 
ijQcharoe f ee(t) bMlloated below, exoept for the flltne fee 
I tothaabove^denUtted deposM account 

FEE CALCULATION 

I.BASICFIUNGFEE 
Entity Smalt Entity 



1 1001 760 

1 1002 330 

1 1003 520 
INo04 750 
I1OO6 160 



2001 
2002 
2003 
2004 



375 
165 
260 
375 



2005 80 



PmPaacrtirtien 

utmtynnngfeo 

Design flBng fee 
Plant aHng fee 
Reissue fiOng fee 
Proviatonal filing fee 



F^ePald 



SUBTOTAL (1) |{$) 160 00 | 



1 2. EXTRA CLAIM FEES FOR UTIUTY AND REISSUEI 
■ Fee from ^ « . 

BExlm£lfl!m8 .pegPal^ 

I Muldple 




LanteEnttty 
Fee Fee 
Code ($) 

1202 18 
1201 B4 

1203 280 

1204 84 

1206 18 



fimollEntlM 



Fee 

Code ($) 

2202 9 



2201 
2203 
2204 



42 
140 
42 



2205 9 



p^DaacriBtton 

Claims In excess of 20 

Independent ctabns in excess of 3 

Muttiirie dependent dalm. If not paM 

** Reissue independent ddms 
over edglnal patent 

Reissue claims In excess of 20 
and ever original patent 



25 Surcharge •late provisional filing tse or 
oover sheet 
1 1053 130 Non-EnglUhspecificallon 
1812 2,620 For fVlng e request ftor mcparto reexamination 

920*1 1604 920- Requesting pubDcatlon of SIR prior to 
I Examiner action 

1805 1.840*11805 1.840* Requesting pUbUcation of SIR aRer 
■ Examlneractkm 

65 Extension for reply vrilMn first month 
205 Extension for reply wUhIn second month 
485 Extension fbr reply wRMntNrd month 
725 Extension (6r reply Within fourth month 
gas Extension for reply within fifth month 

160 Notlea of Appeal 
160 Fllino a brief In support of an appeal 
1 40 Request for oral hearing 
1,510 Petition to InsUIute a pubHc use proceeding 
65 Petltton to revive - unavoidable 
650 PetUton to revive -unintentional 
650 Udllly Issue Ibe (or reissue) 
235 Design issue fee 
315 Plant issue fee 
130 Petitions to the Commissioner 
60 Processing fee under 37 CFR 1.17(q) 
180 Submission of tnfonmation Disclosure Stmt 
Recording each patent assignment per 
^ property (times number of properties) 
375 Filing a subnrtis^n after final rejection 

(37 CFR 1.129(8)) 
375 For each additional Invention to be 

examined (37 CFR 1.129(b)) 
'*375""Requefit for Continued Examination (RCE) 
900 Request for expedited examination 
of a design application 

Olher fee (specify) 



1053 130 
1812 2,520 
1804 



1251 110 

1252 410 

1253 030 

1254 1.450 

1255 1.970 

1401 320 

1402 320 

1403 280 

1451 1,510 

1452 110 

1453 1.300 
1501 1.300 
1602 470 
1503 630 
1460 130 
1807 60 
1806 180 
8021 40 
1809 750 



2261 
2282 
2253 
2254 
2255 
2401 
2402 
2403 
1451 
2452 
2453 
2501 
2502 
2503 
1460 
1807 
1808 
8021 
2809 



1810 760 1 2810 



1801 
1802 



750' 
900 



riaoi" 

1802 



SUBTOTAL (3) I^T 




WAftNlNB: Information or&thia form may become public. Credit card Information should not 
be included on this faOTnyProvIde credit card Information and authorization on PTO-2038. „ / ^ k« .k 

This coUecOon of Infbrmation is required t»y 37 CFRTTT? and 1.27. The Infonnaticn is required to obtain or retain * •*Bnem by tt» putijlc vir^^ 
USPTO to process) an appHcation. Confidentfelity is governed by 35 U.S.C. 122 and 37 CFR 1.14. This ooflection is estinmted to take «^f^"y*^» ^ 
mduding g^ttiering. preparing, and submitUng the completed application fern* to the USFTO. Time wm vajV depencflng upon tt» ^^^^"^^'^^ f pSenfaSd 
the amS^of time you require to compfeto thie fbmi andter suggestions for redudng tWs burden, should be sent to tto C^^^^^ seSd TO- 

Trademaric OHkA. U^. Department of Commeree, Weshlngton. DC 20231. DO NOT SEND FEES OR COMPLETED FORIWIS TO THIS ADDRESS. SEND TO. 
Commtesioner for Patents, WaaMnatoni DC 20231. 

ffyou need assistenca Ai com/tfetfng the fornix caff f-800^>TO-9f 99 (1-800-78^199) and seteet opUon Z 



9 

SCH.S110 



Dock«tNo.:S9.00S3 



WIRELINE TELEMETRY DATA RATE PREDICTION 
BACKGROUND 

5 1. Field of the Present Invention 

The present invention generally relates to the field of data acquisition systems and more 
particularly to a wireline logging systoais employing modular tool strings to acquire data where 
each module or tool in the tool string has its own data rate requiranents. 

10 2. History of Related Art 

WireUne logging refiws generally to the surveymg of oil or gas wells to detennine their 
geological, petro-physical, or geophysical properties usuig electronic measuring instruments. 
The electronic instrumoits are conveyed into a wellbore with an armored steel cable, referred to 
as a wireline cable. Measurements made by downhole mstruments secured to flie wirelme cable 
15 are transmitted back to a data processing system located at the surfece through electrical 
conductors m the wireline cable. Electrical, acoustical, nuclear and unaging tools are used to 
stunulate the formations and fluids within the well bore. Telemetry instruments then measure the 
response of the formations and fluids. The wireline cable also provides the electrical power 
needed to operate Has logging tools. 
20 In a conventional wireline system, a fixed data rate is specified for the telemetry system 

at the start of a logging job. The specified data rate represents the maximum sustainable data 
rate at the existing environmental conditions. The existing environmental conditions typically 
means the conditions encountered at the surface of some existing or proposed bore site whether 
on land or of&hore. The , once a cable is mserted in the weU bore, the customer wants to begin 
25 taking meaningful data immediately because of the enormous expaise associated with wireline 
log^g. 

Well bores may extend 30,000 meters into the earth's sur&ce. The raivironmental 
conditions existing at the end of a wireline cable will firequently differ dramatically fi»m the 
surface conditions. Most notably, the temperature at the end of a well bore is ahnost certainly 
30 greater than the surface temperature in a weU bore of any appreciable depth. As the length of the 
cable increases and the temperature increases the data capacity of the cable diminishes. In some 
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cases, the capacity may dectease to a maximum sustainable data rate that is insufficient to 
support ihe equipment in the tool string. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

Objects and advantages of the invention will become apparent upon reading the following 
detailed description and upon reference to the accompanying drawings in which: 

FIG 1 Ulustrates selected components of a wireline loggfaig system suitable for use with 
die present invention; 

10 FIG 2 is a conceptual illustration of a wireline having at least one section that departs 

substantial^ from vertical; 

FIG 3 is a conceptual illustration an off-^ore wireline; 

FIG 4 ilhistrates selected components of a wireline logging tool string suitable for use in 
connection widi ttie present invention; 
15 no S is a graphical illustration of the change in characteristics of a wireline logging unit 

at two different temperatures; 

no 6 is a flow diagram of a method of anticipating the down hole data rate 
characteristics of a wireline logging system according to an embodiment of the present 
invention; and 

20 HG 7 is a block diagram of selected elements of a system for determining the suitabUity 

of inserting a tool string into a well bore according to an embodiment of the invention. 

While the invention is susceptible to various modifications and alternative forms, specific 
embodiments thereof are shown by way of example in the drawings and will herein be described 
in detail. It should be understood, however, that the drawings and detailed description presented 

25 herein are not intended to limit the invention to the particular embodiment disclosed, but on the 
contrary, the invention is limited only by the language of the appended claims. 

DETAILED DESCRIPTION OF THE INVENTION 



30 Generally speaking, the present invention contemplates a wireline logging system and 

method in which the data rate characteristics of a wireline measurement tool are modeled to 
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predict the characteristics of the tool at an anticipated temperature. Typically, ttie anticipated 
temperature represents the temperature likely to be encountered down hole. Before inserting the 
tool into the well bore, action can be taken to reduce the data rate requirements of the tool string 
if the predicted characteristics suggest that the wireUne will not be able to support the required 
5 data rate when the tool string is down hole. By engaging in this modeling, the invention 
eliminates the need for a potentially time consuming and costly trial-and-error procedure to 
determine if a giveq tool string will function properly down hole. 

In no 1, selected elements of a modular, wirelme logging system 100 suitable for use in 
conjunction with the present invention are depicted. Wireline logging system 100 includes a tool 
10 string 101 connected to a distal end 103 of an amiored or wttdine cable 1 10 that is inserted into 
aweUborell2. Shielding 114 lines well bore 112A. A proximal end 105 of wireline cable 110 
is connected to a winch 111 positioned on a truck 113 at the surfece of the well bore. The 
temperature at proximal end 105 of wireline cable 110 is indicated as Tsurfece and the 
temperature at distal end 103 of cable 110 (the down hole temperature) is indicated as Td. 
15 Depths of weU bore 112 may exceed 30,000 feet At such depths, the temperature Td at distal 
end 103 of cable 110 is typically substantially higher than the temperature (Tsurface) at proximal 
end 105. 

In the depicted illustration, well bore 1 12 may be characterized as a substantiaUy straight 
or linear weU boie that is substantially vertical in orientation. This is a suitable accurate 
characterization for many actual well bores. In other cases, as depicted in FIG 2 and FIG 3, at 
least two other well bore orientations are likely to be encountered. These two particular 
orientations are explicitiy iUustrated because the assumptions regarding temperature gradient 
along wireline cable 110 that apply to tiie orientation of wireline cable in FIG 1 are not 
accurately appUcable to the orientations depicted in FIG 2 and FIG 3. In FIG 2, for example, tiie 
25 wireline cable 1 10 includes a portion that is substantiaUy horizontal or non-vertical with respect 
to the surface. This orientation is not uncommon when it is desirable or necessary to bore around 
a particular formation. Assumptions about the temperature gradient that apply to the vertical 
wireline cable of FIG 1 must be revised when the actual wireline orientation is as shown in HG 
2. Specifically, in one implementation, a Unear temperature gradient is assumed for tiie 
30 substantiaUy vertical wireline orientation of FIG 1. In this implementation, tiie temperature Td at 
tiie distal end 103 of cable 110 is measured when ttie well bpre is first excavated. The 
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temperature profile is then assumed to be linear from Td to Tsurface. It wUl be apparent 
however, that the wireUne orientation of FIG 2 requires a different profile assumption because a 
substantial portion of the wireline is at the Td depth. Thus, a linear temperature profile 
assumption would be unacceptably forgiving or generous as applied to a wireline oriented as in 
5 no 2. 

The WireUne orientation of FIG 3 represents an offehore implementation where a 
significant portion of the cable 110 extends through a body of water before entering the earth at 
the seabed. In tiiis orientation, a linear temperature profile would likely result in excessive 
constraintsbecausetheactualtemperatuieprofilewouldbelessharshttianalinearprofile. More 

10 than likely, tiie temperature would actually decrease from Tsurfece at tiie surfiice to a minimum 
temperature at tiie bottom of tiie sea. From tiiere. ttie temperature profile would likely assume 
the linear increase model of the vertically oriented HG 1. As described in greater detail below, 
one embodiment of the invention incorporates algorithms enabled to perform vnreline 
characteristic modeling based on one of tiiese three basic orientations. 
15 Turning now to HG 4. selected elements of tool string 101 are depicted. In the depicted 

embodiment, tool string 101 includes a telemetry cartridge 102 and a series of tool string 
modules 104-109. The various modules 104-109 of tool string 101 enable tiie measurement of 
formation properties such as electrical resistivity, density, porosity, penneabmty. sonic 
velocities, gamma ray absorption, fbraiation strengtti and various ottier characteristic properties. 
20 Other modules provide means for determining tiie flow characteristics in tiie well bore while still 
other modules include electrical and hydrauKc power suppUes and motors to control and actuate 
tiie sensors and probe assembUes. Generally, control signals, measurement data, and electrical 
power are transferred to and from tiie logging tool via tiie wireline. This and otiier logging tools 

are weU known in the industry. 

25 Telemetry cartridge 102 includes gatiiering and transmitting flie weU data gaierated by 

tiie various modules 104-109 to flie surface via wireline cable 110. For at least two reasons, tiie 
data rate capacity of wireline cable 110 is subject to important minimum requirements. First, 
telemetry cartridge 102 is typically engaged in real-time data collection. In many instances, for 
example, data is being acquired as wireline cable 110 and tool string 101 move tiirough a 

30 formation. If tiie data rate cannot support tiie real time acquisition of data, important data is lost. 
Moreover, higher data rates are required to reduce tiie amount of time tiiat must be spent 
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measuring or characterizing the formation. Wireline logging services are typically charged to a 
customer based at least in part on the amount of time that the tool string is down hole. 
Customers, therefore, are very concerned with the amount of time required to characterize a 
formation. If the data rate is inadequate, more time will be required to characterize the well. 
5 This is especiaUy true of data-intensive wireline logging services including, as examples, sonic 

and seismic logging services. 

The demre to perform log^ng services in ttie shortest possible time has motivated the 
aggressive use of tool strings to acquire a wide variety of logging information with a single probe 
of the wireline logging system. Each module in the tool string has its own data rate (also loosely 
10 referred to as bandwidth) requirements. As Ae number of modules included in a single tool 
string increases, it wUl be appredated that the overall bandwidth requirements of the wireline 
system increases. As depicted in FIG 4, fore example, tool string 101 includes a first module 
(tool) 104 requiring a 200 Kbps data rate, a second module 106 requiring 300 kbps, a third 
module 108 requiring 400 kbps, and so forth. For the depicted implementation, tool string 101 
15 has a compo^te data rate requirement of 1000 kbps. 

If tiie vdreline cable syston cannot support its reqiwed data rate down hole, one (or 
more) of the modules win be unable to transmit all of its data to the surfece. T^picaUy, the 
wireline cable would then have to be withdrawn from the weU bore, fits tool string would have to 
be modified such as by removing one or more modules to reduce tiie composite data rate 
20 requirement of the tool string, and the modified tool string would then be re-inserted into the 
well bore all at great cost and time to the customer. The present addresses this problem by 
identifying tool strings likely to encounter data rate problems down hole before tiiose tool strings 
are put down hole. Thus, the invention improves the probability that the tool string and wireline 
cable that are actually placed into the ground will be able to sustain tiie required data rate. 
25 The most significant variable affecting a wire line system's data rate capacity is 

temperature. In otiier words, while cable length, cable composition, and the type of tools 
attached to the cable will all affect tiie systems data rate capacity, tiiese fiictors are substantially 
invariant once tiie tool string is defined. For a weU bore of any significant depth, , however, the 
temperature typically varies dramatically tiie surface to tiie tool string. Thus, temperature 
30 differential betweea the surface and tiie terminus of a well bore is the primary reason fliat a 
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Wireline system that has a particular data rate capacity at the surface has a lower data rate 
cq>acity when down hole. 

Referring to ¥1Q 5. the relationship between temperature and the characteristics of a wire 
line system are illustrated grapWcaUy. More specifically. ti»e signal-to-noise ratio (SNR) of a 
5 wire line crf>le is plotted as a function of signal frequency for two different temperate The 

first trace 122 represents data taken at a first temperatiire while tiie second trace 124 represents 
data taken at a second temperature where tiie first temperature is lower flian tiie second 
tempeniturc. 

The use of SNR as the wireHne system characteristic being plotted in FIG 5, while not 
10 required, is highly desirable because (1) SNR is readUy characterized using known techniques 
and (2) SNR provides a direct indicator of tiie system's data rate capacity. It is known tiiat. for 
an additive white. Gaussian noise (AWGN) system, O-B log2(l+SNR) where C is tiie data rate 
capacity and wireline's B is tiie bandwidfli. Assuming ttie system's bandwidtii has been 
adequately characterized, a system's data rate capacity can be detemiined fi»m its SNR. In HG 
15 5, tfwSNRofawirelinesystemisplottedasafunctionofsignalfirequencyattwotemperatures. 

Not surprisingly, tiie SNR is higher tiutoughout tiie frequency range at tiie lower temperature 
(trace 122). FIG 5 also indicates tiiat SNR delta, (tiie difference between lower temperature 122 
trace and tiie higher temperature trace 124 is also a fimction of frequency. Whereas tiie SNR 
delta is relative stable or constant at lower frequencies, tiie delta is strongly frequency dependent 
20 at higher frequencies. The non-linearity of flie relationship between SNR and temperature adds 
to tiie complexity of predicting tiie down hole data rate cjq»acity of a given wireline system. 

Portions of tiie present invention may be implemented as a set or sequence of computer 
executable instructions (i.e., software) tixat, when executed, emible a user to estimate tiie data rate 
capacity of a wireUne logging system such as system 100. When being executed, tiie software 
25 may be stored in a volatile. comput«weadable storage element sudi as computer's main memory 
(typically DRAM) storage or in an external or internal cache memory (typically SRAM) of a 
microprocessor or set of microprocessors. At otiier times, portions of tiie software may be stored 
in a non-volatile, storage element such as a hard disk, floppy diskette, CD ROM, DVD. magnetic 
tape, flash mranory device, and the lUce. 
30 Referring now to FIG 6, a flow diagram illustrates an embodiment of a metiiod 130 for 

deteiminingtiie suitabiUty of atool string foruseinawell bore. Portions of metiiod 130 maybe 
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implemented as or executed by computer software. Initially, a tool string is defined or specified 
(block 132) by an engineer. Specifying the tool string includes specifying not only the modules 
that aie needed based on the measurements or data in which the customer is interested, but also 
die acquisition modes of those modules. 
5 From the specified tool string a required data rate is computed (block 134). In one 

embodiment, the tool string is specified as a computer model in some form of hardware 
description language. Based on the described tool string, a computer program may determine the 
required data rate using archived empirical data, some form of heuristic deternunation method, 
or a combination of the two. 
10 One or more characteristics of the actual wireline system are then measured (block 136) 

to enable the determination of the wireline's data rate capacity. In one embodiment, the 
measured characteristic(s) include the cables' SNR. The wireline measurement and 
characterization are typically performed at tiie well bore site before inserting tiie cable into the 
weU bore. In one embodiment, a portable computer system (described in greater detail wifli 
15 respect to HO 7) which may be mounted on or otiierwise attached to truck 1 13 (FIG 1) fiicilitates 
tiie wireline characterization. The computer system includes software to calculate ttie data rate 

capacity based on the measured vahie of SNR. 

The data rale capacity determined in block 136 is tiien compared (block 138) to tiie data 
rate requirement determined in block 134. If ttie required data rate exceeds the wireline system's 
20 data rate capacity, corrective action is takenby modifying (blodc 152) tiie tool string in a manner 
tiiat reduces tiie system's data rate requirements. The required data rate and wireline data rate 
capacity could tiienbe re-computed m block 134 and 136 until tiie system's data rate exceeds its 
required data rate. 

Upon successfully exiting decision block 138, tiie present temperature (also referred to 
25 herein as tiie surface temperature) is provided (via, for example, user input) or measured (block 
140) with a temperature sensor. An expected down hole temperature is tiien provided (block 
142). The expected down hole temperature may represent an engineer's estimate of tiie 
maximum temperature likely to be encountered wifliin a weU bore or empirical data acquired 
when the well bore was formed. 
30 Using flie surface temperature and tiie expected down hold temperature, analysis is 

performed, typicaUy in software, to generate (block 144) a modeled value of SNR. This modeled 
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value of SNR represents the system's estimate of the wireUne system's SNR when located within 
(he well boie. In one embodiment, the software or system responsible for modeling the SNR 
based on the two temperature values assumes a substantially linear temperature gradient from 
8urfi»e to well bore end. Under this assumption, the down hole expected temperature represents 
5 the temperature at the true vertical depfli of the tool string 101. In tiiis case, tiie linear 
temperature gradient ttiat is assumed is generally acceptable for determining a modeled value of 
SNR. 

In embodiments where the well bore is not substantially vertical and straight relative to 
the surface, alternative assumptions about the temperature profile along the cable must be made. 
10 Referring momentarily back to nO 2 and HG 3, the wireline profiles or orientations depicted 
tiierein require a different model of tiie temperature gradient. In HG 2, a first part 113 of 
wireline 110 is substantiaUy vertical or perpendicular to the surfiice while a second part 115 of 
the cable is substantially horizontal or parallel to the surfece. In tins case, it Is necessary to 
modify tiie linear temperature gradient assumption because tiie entire second part 115 of 
15 wireline is located at tiie true vertical deptii and is presumably subjected to tiie same temperetiire 
Td. Thus, tiie Knear temperature gradient model used for tiie vertical wireline orientation would 
not account for tiie absence of temperature gradient along section 115. The SNR of a wireline 
exhibiting ttie orientation of HG 2 may be modeled using a two-part temperature profile 
assumption in which tiie second part 115 of wireline 110 is subjected to a constant temperature 
20 Td while a linear temperature gradient is applied to ttie first part 113 of ttie wreline. In ttie 
ofehore orientation of FIG 3. tiie linear temperature gradient assumption is generally overly 
pessimistic because tiie portion of tiie wireline witiiin tiie sea will generally experience an 
inverted temperature gradient. In otiier words, ttie temperatiire will decrease ftom tiie surfiice 
until it reaches a minimum at ttie seabed. As tiie wireline penetrates tiie eartii below tiie sea bed. 
25 tiie temperature begins to rise again. This type of orientation may be modeled using a tiieoretical 
temperature profile in which tiie surface temperate decreases linearly until a nummum is 
achieved at tiie sea bed at which point tiie temperature increases linearly until tiie down hole 
temperature is reached at ttie end of ttie wireline. Ottier embodiments of ttie invention may 
incorporate additional and/or more sophisticated temperature profile models. These tin»e basic 
30 . temperature profiles are expUcitiy illustrated because they represents ttuee of tiie most common 
wireline orientations likely to be encountered in the field. 
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Retaining now to the flow diagnun of FIG 6» the down hole wiraline system is modeled 
to obtain an estimate of the wireline's t^erational diaracteristics based on finton including the 
qrstem's characteristics as measured at die surfoce and the temperature profile assumed for the 
weline. The modeling of the wireline system may include the use of td>les of empirical data 
rq>resenting measured wireline diaracteristic data for various temperatures and wireline 
configurations. Such tables, for example, may include the measure SNR for a wireline cable 
having a length of 100, 1,000, or 10.000 meters at temperatures of 80, 85, and 90 "C and so 
{otQl This infi»mati(m might represent historical data acquired within a lab site of a data 
logging services company such as Schlumberger. Modelmg the down hole SNR would then 
include a process in which tiie wireline is modeled as a series of discrete sections, where each 
section is assumed to experience a single temperature. The historical data could then be applied 
to each of the theoretically discrete section to arrive at a composite model of the wireline. Other 
embodiments may employ algoridunic mediods to derive a theoretical value of the characteristic 
or characteristics of interest 

Upon modeling the down hole characteristics of the cable, a maximum sustainable down 
hole data rate is calculated (block 146) based on the modeled values of the wireline 
charactoistics. If the characteristics include SNR, for example, die modeled SNR is used to 
detemiine a maximum down hole data rate. 

The down hole data rate is then compared (block 148) to the data rate required for the 
defined tool string. If the tool string requires a higher data rate than the wireline can achieve 
down hole as detennined by the wireline modeling, the engineer is infonned and requested to 
modify the tool string in some way to reduce ttie required data rate. The required data rate could 
be reduced by, for example, removing one or more modules fiom the tool strmg, by altering their 
acquisition modes, or a combination of both. After modifymg a tool string in response to an 
indication that die tool string wiU not be able to support its data rate down hole, the process of 
modeling the SNR or other characteristic(s) and deteimining a maximum, projected down-hole 
data rate, is repeated until the achievable data rate exceeds the data rate required by the tool 
string. 

Upon successfiilly detemiinmg that the achievable down hole data rate exceeds the data 
rate requirements of the defined tool string, the wireline system is inserted into the well bore 
(block 150). By modeling the wireline's data rate characteristics before placing the tool string 
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down hole, cosUy trial and error procedures, in which a determination that a tool string's data 
rate requirements cannot be supported is not made until the tool is in the ground, can be 

minimized or avoided entirely. 

no 7 depicts selected elements of a system 160 for determining the suitability of placing 
5 a particular tool string down hole in a wireline logging operation. In the depicted embodiment, 
system 160 includes an SNR analyzer 162, a modeling algorithm 164, empirical data 168, and a 
temperature sensor 166. . Syst«an 160 receives inputs in the form of a tool string definition 163 
and an expected down hole temperature. In one embodiment, tool string definition 163 may 
include the data rate requirements of the tool string. In other embodiments, SNR analyzer 162 
10 may calculate the data rate requirements of the defined tool string. The wireline orientation is 
assumed to be substantially vertical and the temperature profile may be assumed to be linear as 
discussed previously. In some embodiments, alternative temperature profile and wireline 
orientation may replace the defimlt assumptions. In tiie depicted embodiment, the elements of 
system 160 operate on tiie inputs to produce information indicating whether tiie wireline system 
15 has sufficient down hole bandwidth to sappmt the defined tool string. 

The SNR analyzer 162 is configured to determine tiie SNR diaracteristics of ttie vwreline 
cable, typically under relatively benign environmental conditions such as might be encountered 
at the surfece or off shore platform of a weU bore. SNR analyzer 162 determines tiie SNR 
characteristics for tiie wireline cable at various fixquencics usually including all of tiie carrier 
frequencies employed by flie various modules of tiie tool string. The temperature sensor 166 
provides tiie surface temperature to tiie system. Based on flie delta between tiie sensed 
temperature and tiie expected down hold temperature provided by tiie engineer, tiie SNR 
characteristics of tiie wireline are determine projected based using, in jq?propriate cases, 
modeling algoritimi 164, empirical SNR data 168, or a combniationfliereof. 
25 The information generated by system 160 may be as simple as a GO / NO GO indicator 

to a field engineer indicating tiiat tiie currently defined tool string is likely to encounter data 
transmission problems unless modified. In ottier embodiments tiie information output from 
system 160 may include more detailed information about tiie tool string such as, for example, 
how much data rate is required for each individual tool string module, how much tiie required 
30 data rate exceeds tiie theoretical maximum data rate, and so forth. The analyzer may include 
feciUties to modify itself by deleting or otiierwise altering one or more modules tiiat are 
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contributing to the problem and re-running the modeling to detennine if the re-defmed wireline 
has sufficient bandwidth. Ultimately, however, the goal is to incorporate a relatively light 
weight or mobtte computer system that is suitable for performmg the system characterization 

processes described herdn. 

It wiU be apparent to those skiUed in the art having the benefit of ttiis disclosure that tiie 
present invention contemplates a wireline system in which the system's characteristics are 
modeled prior to going down hole in an effort to reduce the amount of time spent reworking a 
tool string after it fiiils. It is understood that the form of the invention shown and described in Uie 
detailed description and the dravrings are to be taken merely as presently preferred examples. It 
is intended that the hivention is limited only by tiie claim language. 
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WHAT IS CLAIMED IS: 

1. A wiieline logging method, comprising 

5 estimating a data rate requirement associated with a tool string to be connected to a 

wireline cabl^ 

determining an operating characteristic of a wireline cable at the surfiice. whcrem the 
operating characteristic is indicative of the wireline cable's data rale capacity, 

10 

before inserting the wireline cable into a well bore, modeling a down hole value of ti»e 
operating characteristic and deriving a down hole data rate capadty based thereon; and 

upon determining that tiie estimated data rate requirement exceeds tiie down hole data 
15 rate capacity, modiftring the tool string to reduce its estimated data rate. 

2. The method of claim 1, wherein determining the operating characteristic is ftether 
characterized as measuring the operating characteristic of the wireline cable at a surfece 
temperature. 

20 

3. The method of claim 2, wherein deterraming tiie operating characteristic is fiirthcr 
characterized as determining tiie signal-to-noise ratio (SNR) of tiie wireline cable at tiie surfece 
tonperature. 

_ 25 4. Hie method of claim 1, wherem modeling the down hole value of tiie operating characteristic 
is further characterized as determining a down hole temperature and modeling flie down hole 

operating characteristic based on a linear temperature gradient assumption. 

5. The method of claim 1, wherein modeling the down hole value of tiie operating characteristic 
30 is further characterized as modeling tiie down hole operating characteristic based on a two-part 
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temperature gradient assumption, wherein the temperature is constant for a first part of the 
wireline and the temperature gradient is linear for a second part of the wireline. 

6. The method of claim 1, wherein modeling the down hole value of the operating characteristic 
5 is flirther characterized as modeling the down hole operating characteristic based on a two-part 

temperature gradient assumption, wherein the temperature decreases with depth for a first part of 
the wireline and the temperature increases width depth for a second part of tiie wireline. 

7. The method of claim 1. wherein modeling tiie down hole value of tiie operating characteristic 
10 includes accessing archived data of the operating characteristics of other wireline systems at 

i temperatures and deriving the modeled characteristics is based on the archived data. 
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8. The mefliod of claim 1, wherein modi^ the tool string comprises eliminating a tool string 
module &om the tool string. 

9. A system wireline cable system including a tool string assembly connected to a wireline 
cable, comprising: 



analyzer to determine a vahie of an operating characteristic for the wireline cable 
20 wherein die operating characteristic is indicative of tiie cable»s data capacity; 



an 



a modeler enabled to predict the operating characteristic's value when the wireline cable 
is insoled in the well bore; and 

25 means for indicating when a data rate corresponding to tiie predicted vahie of tiie 

operating characteristic is insufticient to support a data rate required by the tool sbing. 



10. The system of claim 9, wherein the analyzer is enabled to measure the operating 
characteristic of the wireline cable at a surface temperature. 

30 
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11. The system of claim 10. wherein detemiining the operating characteristic is fiirther 
chaiaeterized as deteimimng the signal-to-noise ratio (SNR) of the yrireline cable at the surface 
tonperature. 

5 12. The system of claim 11, further comprising means for determining a down hole temperature 
and wherein the modeler is enabled estimate the down hole SNR of the cable using a linear 
t«npaature gradient assumption. 

13. The system of claim 11, forther comprising means for deteraiinmg a down hole temperature 
10 and wherein the modeler is fiirther characterized as modeling the down hole operating 
characteristic based on a two-part temperature gradient assumption, wherein the temperature is 
constant for a first part of the wireline and tiie temperature gradient is linear for a second part of 
the wireline. 

15 14. The system of claim 9, wherein modeling the down hole value of the operating characteristic 
is further characterized as modelmg the down hole operating characteristic based on a two-part 
temperature gradient assumption, wherein fhe tanperature decreases with depth for a first part of 
the wireline and the temperature increases width dqpth for a second part of the wireline. 



20 15. The system of claim 9. wherein the modeler includes archived data of the operating 
characteristics of other wireline systems at various temperatures and wherdn the modeler is 
configured to derive the modeled characteristics based on the archived data. 

16. A computer readable medium configured with computer executable instructions for 
25 evaluating a wireline logging system suitable for use with a wireline cable assembly mcluding a 
tool string attached to an end of a wireline cable, the medium comprising: 

computer code means for estimating a down hole signal-to-noise ratio SNR for the 
wireline cable, wherein the down hole SNR represents the wireline's SNR when the 
30 wireline cable is insCTted in a well bore; 
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computer cod© means for deteraiining a down hole data rate associated with fhe down 
hole SNR; and 

computer code means for indicating that the down hole data rate is less than a data rate 
S required to support the tool string. 

17. The computer code means of claim 16, wherein the code means for determining the down 
hole SNR comprises: 

10 computer code means for measuring a surface SNR of the wireline cable, wherein the 

surface SNR reflects flie cable's SNR at the surfiwe temperature; and 

con4>uter code means for estimating the down hole SNR based on the surfece SNR and a 
down hole temperature. 

15 

18. The computer code means of claim 17, wherein the computer code means for estfanating the 
down hole SNR is furflier based on an assumed linear temperature gradient from a distal end of 
tibe well bore to the suiftce. 

20 19. The computer code means of claim 1 8, wherein the code means for estimating the down hole 
SNR mcludes code means for accessing archived data indicative of the SNR values associated 
with an exemplary wireline cable at selected tenq;>eratures. 

20. The computer code means of claim 19, wherem the code means for detennining the down 
25 hole data rate is further characterized as code means for determining the down hole rate while the 
wireline cable remains at the sui&ce. 



30 
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Wireline Telemetry Data Rate Prediction 
ABSTRACT 

5 A wireline logging system and method includes estimating (144) a data rate requirement 

associated with a tool string (101) to be connected to a wireline cable (1 10). A surface value of 
an operating characteristic of the cable is measured (136). The operating characteristic is 
indicative of the wireline cable's data rate capacity. Before inserting the wireline cable (110) 
into a weU bore (112), a down hole value of the operating characteristic is estimated (144) and a 

10 downholedataratecapacityisderived(l46). If the estimated data rate requirement exceeds the 
down hole data rate capacity, the tool string (101) is modified (152) to reduce its estimated data 
rate. In one embodiment, the operating characteristic of prinaaty interest is the signal-to-noise 
ratio (SNR) of the wireline cable (110). Estimating the down hole value of the operating 
characteristic (144) may include determining a down hole temperature and modeling the down 

15 hole operating dwracteristic based on a specific temperature gradient assumption. 
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